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President dealt with the work of Abbe at  Jena, as perhaps the 
most striking example of the results accruing from the reasoned 
combination of theory and practice. Sketching Abbe’s career, he 
passed on to his work on the theory of the Microscope, pointing 
out that it was the direct outcome of the work of Fresnel. Abbe’s 
work soon led him to realise that for Microscope objectives no 
great improvement could be expected with the glass at the opti- 
cian’s disposal-a result which had likewise been arrived at  .by 
Petzval and von Seidel in regard to photographic lenses. Theo- 
retical work thus indicated a bar to progress only to be overcome by 
the manufacture of new glasses. This fact had also been recognised 
by our countrymen, Mr. Vernon Harcourt and Professor Stokes, 
who had for some eight years previous to 1870 endeavoured, but 
with scant success, to produce glass having certain definite relations 
between dispersion and refraction. Abbe was more successful : his 
writings attracted the attention of the glass-maker Schott, and 
their researches, aided in the first instance by a large grant from 
the Prussian Minister of Education, had led to the present well- 
known industrial results. Nor was this a l l ;  for, in virtue of the 
distribution of profits settled by the scheme of the Carl Zeiss 
Stiftung, the University of Jena alone had received a sum approach- 
ing 100,0001. No better illustration, perhaps, could he found of 
the way in which progress depended on the co-operation of science 
and experience. 

A fitting accompaniment to the President’s address mill be 
found in the volume of the Proceedings of the Optical Convention, 
in the shape of an historical chart by Mr. F. J. Chesire, F.R.M.S. 
This chart contains the names and dates of birth and death of the 
foremost workers in optical science, and is conveniently arranged 
to show at  a glance the periods of particular progress. 

The programme of the Convention can be classed into two 
divisions ; the reading and discussion of papers, and a representa- 
tive exhibition of optical and scientific instruments of British 
manufacture. The following abstracts of papers which have a 
bearing on the Microscope are given in the alphabetical order of 
the authors’ names. Those marked with an asterisk have been 
kindly abstracted for the J.R.M.S. by the authors themselves. 

* THE CONBIDEBATION OF THE EQUIVALENT PLANES OF OPTIOAL 
INSTRUMENTS. 

lByl Conrad Beck, F.R.M.S. 
The author explained that in all dioptric optical systems there are two 

well-known pairs of planes, known as the principal and nodal planes respectr 
ively, which, when the media on both sides of the instrument are the same, 
such as air, are superimposed in one pair of planes possessing the character- 
istics of both, and are known as the equivalent planes. 

In .considering optical instruments, some system of measurement and 
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nomenclature must be used. Any such system required that the value 
of the focal length should be known. In a single thin convex lens the 
distance of the solar focus or burning point from the edge of the lens gave 
this important measurement ; but in compound instruments, although the 
focal point could often be found, that portion of the instrument from which 
it should be measured in order to obtain the true focal length was more 
W u l t  to determine. 

Barly English writers attempted to express this position by such terms 
as ‘‘ optical centre,” or “ perspective centre,” but without a true understanding 
of the correct principle, and they preferred to deal with an instrument as a 
series of component parts, rather than as a whole. 

Fifty years previously it was thoroughly understood on the Continent 
that there is no one position in an optical system from which the optical 
measurements should be made, but two “equivalent planes,” one for inci- 
dent light measurements, the other for emergent light measurements. 

Mr. Beck then showed, with the aid of a diagram provided with a 
movable slide, that the most complex instruments can for most purposes be 
represented by a thin lens of a certain focal length, if we imagine it to be 
plaaed first, in the first equivalent lane to receive the light, and then shifted 
to the second equivalent plane to Sscharge the light. The focus of such a 
lens is the equivalent or true focus of the compound instrument, and the 
position of the equivalent planes becomes of prime importance. 

The author then explained diagrammatically how the separation of two 
single convex lenses profoundly altered their position. Starting from two 
lenses close to one another, he explained how the equivalent planes move 
away from each other, and cross as the two lenses are separated, going to 
infinity when the lenses are situated at a distance apart equal to the sum 
of their focal lengths, reappearing on the other side of the lenses on further 
separation. The argument was then applied to combinations of positive and 
negative lenses with similar results. 

He then proceeded to illustrate the various types of instruments: the 
photographic, or projection lens, the Telescope and the Microscope, by means 
of the same pair of lenses separated by different amounts ; showing how the 
telephoto lens, and especially the compound Microscope obtained their dis- 
tinctive advantages by the position in which their equivalent planes were 
placed. 

A Microscope of the highest power considered as a whole, has an equiva- 
lent focal length of only a few thousandths of an inch, the object being 
placed approximately at the focal point, The earliest Microscopes were 
constructed like our pocket magnifiers of single lenses of various curvature. 
Such lenses could only be made of comparatively small magnifying power, 
and even then the object had to be placed very close to the lens. If we 
could conceive of a single lens with a magnifying power of 2000, the 
focal distance would only be or $5 inch, and the object would be so 
dose that it could not even be protectei by a thin cover-glass. It is, how- 
ever, interesting to note that lenses of different shapes, although they are 
single lenses, are suitable to a greater or less extent for increasing this 
so-called working distance, owing to the different position of their equivalent 
planes. 

For obtaining high magnifications, single lenses cannot be made with 
sufficiently strong curvature, and the first idea that suggests itself is to place 
three or four powerful lenses close together. Such an arrangement, however, 
is even more unsuitable, because the equivalent planes are generally some- 
where between the lenses, and the actual distance of the focus from the 
front lens is reduced still further than in the case of a single lens. 

So it was, that without knowing the exact reason, the plan of using 
lenses separated by large intervals was adopted in Microscopes as far back 
&a the year 1650. The equivalent planes are so placed that one of them is 
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at a considerable distance from the lenses, and even if the focal length of 
the complete instrument were &a inch there is ample room for manipulat- 
ing the object. The modern compound Microscopes consist of two positive 
lenses separated by a large interval, and the two equivalent planes are 
outside everything; the object to be examined and the observer’s eyes are 
inside. 

Mr. Beck then urged the importance of examining instruments as a 
complete whole with a view to seeing if, by rearrangement of parts, new 
positions could not be found in which the equivalent planes might be placed 
in order to confer fresh capabilities, and concluded by treating the case of 
the human eye and spectacles, deducing several curious facts as to the size 
of the picture received u n the eye, firstly, in cases of high myopia cor- 
rected with spectacles, anc?&ondly, in cases o f  cataract with the crystalline 
lens replaced by powerful convex spectacles. 

O N  CERTAIN METHOD8 OF LENS MEA~UBEMENT AND TESTING TOGETHEB, 
WITH SOME RECOMMENDATIONS AS TO NOMENULATUBE AND DESURIPTION. 

By T. B. Blakesley. 

The instrument used is in essence a collimator, for it consists of a scale 
of a few division8 at  the principal focus of an achromatic lens. I t  is fitted 
to the stage of a Microscope, being placed through the hole in the stage, 
upon which it rests by means of a collar near the lens. The collimator lene 
itself is turned towards the Microscope, and the lens or lens systems, the 
measurements of which are to be determined, are placed between this colli- 
mating lens and the Microscope objective. The method may be employed 
for determining the focal lengths of lenses, the distance between the princi- 
pal focus from surfaces of a lens, the ratio of the radii of the surfaces of a 
single lens, the distance between the second principal focus of one lens and 
the first principal focus of t,he second lens in a combination of two lenses, 
the curvature of lens surfaces, and it has also been applied to measure the 
index of refraction of a liquid. With regard to determining the focal length 
of lens systems, the method was found applicable to an entire Microscope, 
the tube of which was not long. 

*ABERRATIONS. 
By S. D. Chalmsrs, M.A. 

The author discusses practical means for measuring by observational 
methods the aberration of lenses, more particularly photographic lenses, on 
the system employed by Hartmann for telescope objectives. I t  is pointed 
out that it has not been possible, as yet, to apply the method to Microscope 
objectives with sufficient accuracy. 

*MEABUREMBNT OF REFRACTIVE INDEX. 
By R n. CIidi77?T.$, M.A. 

The paper describes a new and accurate method of determining the re- 
fractive index of glass in the form of a lens. 

The lens to be tested IS  inserted in a liquid whose refractive index 
can be measured, and the refractive index i s  determined from the formula 
n2 - no (R, - R,) = the power of the lens (when immersed in the liquid). 
Where rz2 is the refractive index of the lens, no of the liquid, R, and R, the 
curvatures of tlie lens; the latter need only be known approximately. To 


